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1RPHQFODWXUH
$ <LHOGVWUHVV % %RG\IRUFH
& 6WUDLQUDWHIDFWRU &(/ &RXSOHG(XOHULDQ/DJUDQJLDQ
(56: (OHFWULFDOUHVLVWDQFHVSRWZHOGLQJ )%- )ULFWLRQELWMRLQLQJ
)(0 )LQLWH(OHPHQW0HWKRG ))6: )LOOLQJIULFWLRQVWLUZHOGLQJ
+$= +HDWDIIHFWHG]RQH +'6 +DUGHQHGVWHHO
P 7HPSHUDWXUHH[SRQHQW Q 6WUDLQH[SRQHQW
17 1RGDOWHPSHUDWXUH 3((4 3ODVWLFVWUDLQ
5)66: 5HILOOIULFWLRQVWLUVSRWZHOGLQJ USP 5HYROXWLRQ SHU0LQXWH
6= 6WLU]RQH 70$= 7KHUPRPHFKDQLFDOO\DIIHFWHG]RQH
PHOW7 0HOWLQJ SRLQWRUVROLGXVWHPSHUDWXUH URRP7 5RRPRU DPELHQWWHPSHUDWXUH
7 (IIHFWLYHWHPSHUDWXUH ı\ )ORZVWUHVV






)LJ  %DVLF SULQFLSOHRIWKH)6:SURFHVV
7KHEDVLFFRQFHSWRI)6:LV WKDWWKH WZRPHWDOVWREHZHOGHGWRJHWKHUDUHKHOGLQSODFHDJDLQVWDEDFNLQJSODWH
XVLQJ D FODPSLQJ V\VWHP7KH URWDWLQJ WRRO LV WKHQ VORZO\SOXQJHGZLWK DGRZQZDUG IRUFH LQWR WKHZHOG MRLQW ,W
GZHOOVIRUDIHZVHFRQGV DLGLQJJHQHUDWLRQRIIULFWLRQDOKHDW7KLVOHDGVWRSODVWLFL]DWLRQDQGIORZRIPDWHULDOLQWRRO
YLFLQLW\2QFHWKLVSRLQWLVUHDFKHGWKHWRROLVWUDYHUVHGDORQJWKHMRLQWIRUPLQJWKHZHOGEHKLQGWKHWRRODVLWPRYHV
DORQJ 560LVKUDDQG0D 0LVKUDDQG0DKRQH\7KH )LJ  VKRZVWKHVFKHPDWLFUHSUHVHQWDWLRQRI
IULFWLRQVWLUZHOGLQJSURFHVV .XPDUHWDO7KHPDLQEHQHILWRIIULFWLRQVWLUZHOGLQJLVWKDWWKH EDVHPDWHULDO
LVMRLQHGEHORZLWVPHOWLQJSRLQW
,W LV LPSRUWDQW WRXQGHUVWDQG WKH WHPSHUDWXUHGLVWULEXWLRQ VWUDLQ DQG VWUDLQ UDWH GHYHORSPHQW ,Q )6:KHDW LV
JHQHUDWHGSULPDULO\RQ WKHEDVLVRI IULFWLRQDW WRROZRUNSLHFH LQWHUIDFHDQGSODVWLFGHIRUPDWLRQRIZRUNPDWHULDO
7KH DPRXQW RI KHDW FRQGXFWHG LQWR WKH ZRUNSLHFH GLFWDWHV D VXFFHVVIXO SURFHVV ZKLFK LV GHILQHG E\ WKH ZHOG
TXDOLW\PLFURVWUXFWXUHDVZHOODVWKHUHVLGXDOVWUHVVDQGGLVWRUWLRQRIWKHZRUNSLHFH3OXQJLQJLVWKHLQLWLDOVWDJHRI
WKH)6:SURFHVVDQGLWSOD\VDYLWDOUROHLQIRUPDWLRQRIZHOGDVLWFUHDWHVWKHLQLWLDOWKHUPRPHFKDQLFDOFRQGLWLRQV
LQ WKH ZRUN PDWHULDO ZKLFK DUH UHTXLUHG SULRU WR VWDUW RI WKH OLQHDU ZHOGLQJ SKDVH 9HOMLF HW DO  +HQFH
XQGHUVWDQGLQJGLVVLSDWLRQDQGGLVWULEXWLRQRIKHDWIRUREWDLQLQJWHPSHUDWXUHSURILOHVDQGVWUHVVILHOGVDUHUHPDUNDEO\
VLJQLILFDQWLQJHWWLQJDQLQVLJKWRI)6:SURFHVV)(PRGHOLQJRI SOXQJHSKDVHLVYHU\GHPDQGLQJ VLQFH LW UHVHPEOHV
)66:SURFHVV)66:ZDVGHYHORSHGLQWRUHSODFHUHVLVWDQFHVSRWZHOGLQJIRUDOXPLQLXPVKHHWVZKLFKLVRQH
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RIWKHPDLQYDULDQWRI)6: +DQFRFN )66:LVPDLQO\DSSOLHGLQODSMRLQWFRQILJXUDWLRQVZLWKWKUHHSKDVHV
SOXQJLQJVWLUULQJRUGZHOODQGUHWUDFWLQJDVVKRZQLQ )LJ  /LQHWDO 3RXUDQYDULDQG0DUDVKL
)LJ  %DVLFSULQFLSOHRIWKH)66:SURFHVV
)66:LVDVROLGVWDWHZHOGLQJSURFHVVLQZKLFKDVSHFLDOO\GHVLJQHGURWDWLQJF\OLQGULFDO WRROZLWK YDU\LQJHQG
JHRPHWU\ DQG SLQ LV ILUVW SOXQJHG LQWR WKH VKHHWV ZKLOH WKH EDFNLQJ SODWH EHQHDWK WKH ORZHU VKHHW VXSSRUWV WKH
GRZQZDUGIRUFH 3RXUDQYDULDQG0DUDVKL7KHGRZQZDUGIRUFHDQGWKHURWDWLRQDOVSHHGDUHPDLQWDLQHGIRUDQ
DSSURSULDWH WLPH WR JHQHUDWH IULFWLRQDO KHDW 7KHQ KHDWHG DQG VRIWHQHG PDWHULDO DGMDFHQW WR WKH WRRO GHIRUPV
SODVWLFDOO\ DQGD VROLGVWDWH ERQG LVPDGHEHWZHHQ WKH VXUIDFHVRI WKHXSSHUDQG ORZHUVKHHW)LQDOO\ WKH WRRO LV
GUDZQRXWRIWKHVKHHWVDQGSURWUXGHGSLQOHDYHVDFKDUDFWHULVWLFH[LWKROHLQWKHPLGGOHRIWKHMRLQW )DQHOOLHWDO

7KHUH DUH QXPHURXV DSSOLFDWLRQV IRU )66: HVSHFLDOO\ LQ WKH WUDQVSRUWDWLRQ LQGXVWU\ HPSOR\LQJ DOXPLQLXP
VWUXFWXUHV$Q\DSSOLFDWLRQWKDWLVFXUUHQWO\ULYHWHGWRJJOHORFNHGRUVSRWZHOGHGFDQRIWHQKDYH)66:VXEVWLWXWHG
ZLWK OLWWOH HIIRUW DQG FKDQJHV &KDOOHQJHV ZLWK HOHFWULFDO UHVLVWDQFH VSRW ZHOGLQJ (56: LQFOXGHV WKH QHHG WR
FKHPLFDOO\ FOHDQ WKH DOXPLQLXP DOOR\VZLWKLQKRXUVRI MRLQLQJ H[FHVVLYH HOHFWURGHPXVKURRPLQJ FDXVLQJSRRU
ZHOGV WR EHPDGH SURFHVV YDULDELOLW\ DQG VKXQWLQJ SUREOHPVZKLFK UHTXLUH JUHDWHU VSDFLQJ RI WKHZHOGV DQG LWV
DSSOLFDWLRQ LV OLPLWHG WR    PP &KDOOHQJHV ZLWK WKH PHFKDQLFDO ULYHWV LQFOXGH KLJK FRVW IRU IDVWHQHUV




LQFUHDVH LQ WKH )66:SURFHVV LV KLJKHU WKDQ LQ WKH56:SURFHVV$OVR WKH WHQVLOH VKHDU VWUHQJWKV RI WKH )66:
ZHOGHG MRLQWV DUH KLJKHU WKDQ WKRVH RI WKH UHVLVWDQFH VSRWZHOGHG MRLQWV .XOHNFL HW DO  7KH VSHHG RI WKH
SURFHVV LV FRPSHWLWLYHZLWK(56:EXW LW LVPXFKPRUH FRQVLVWHQW EHFDXVH)66: LV QRW DV VHQVLWLYH WR FKDQJLQJ
PDWHULDOFRQGLWLRQVDQG VXUIDFHFRQGLWLRQV 6PLWKHWDO 2QHRIWKHGUDZEDFNVRI )66:LVUHPDLQGHURIH[LW
KROH DW HQGRI WKHRSHUDWLRQ+RZHYHU UHFHQW DGYDQFHPHQW VKRZV WKH LQWURGXFWLRQ DQG GHYHORSPHQWRI YDULHW\RI
PHWKRGVDQG DSSURDFKHV LQILOOLQJRINH\KROH 0LVKUDDQG0DKRQH\ 8HPDWVXHWDO +XDQJHWDO
+DQ HW DO  6KHQ HW DO D OLNH ILOOLQJ IULFWLRQ VWLU ZHOGLQJ ))6: UHILOO IULFWLRQ VWLU VSRW ZHOGLQJ
5)66: IULFWLRQELWMRLQLQJ)%- 7KHILOOLQJRINH\KROHFDQ EHSHUIRUPHG WKURXJKWKH DQ\ WHFKQLTXHV DQGWRROV
DV VKRZQLQ )LJ  0LVKUDDQG0DKRQH\ 6KHQHWDOD +XDQJHWDO
)LJ  L 6FKHPDWLFLOOXVWUDWLRQRIWKH5)66:SURFHVVHVLL -RLQWDQGFRUUHVSRQGLQJWRRO
ZLWKGLIIHUHQWSURFHVVHVD NH\KROHOHIWE\)6:EDIWHU))6:FDIWHU)63
7KHVFKHPDWLFLOOXVWUDWLRQRI WKHIULFWLRQVWLUVSRWZHOGLQJSURFHVVZLWKUHILOOLQJ LVVKRZQLQ )LJ  5)66:LV
SHUIRUPHG XVLQJ D WRRO DVVHPEO\ FRPSULVHGRI WKUHHSDUWV FODPSLQJ ULQJ VOHHYH DQGSLQ)XUWKHUPRUH WKH WKUHH
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FRPSRQHQWVRIWKHWRRODUHRSHUDWHGE\WKUHHVHSDUDWHDFWXDWRUVVRWKDWWKH\DUHPRXQWHGFRD[LDOO\DQGFDQEHURWDWHG
DQGPRYHGXSDQGGRZQLQGHSHQGHQWO\RIHDFKDQRWKHU3ULRU WRZHOGLQJ WKHFODPSLQJPRYHV WKHHQWLUHZHOGLQJ
KHDGDJDLQVWWKHZRUNSLHFHVWRNHHSWKHVKHHWVWREHZHOGHGWLJKWO\VHFXUHGGXULQJWKHZHOGLQJSURFHVVDQGWRDYRLG
SODVWLFL]HGPDWHULDOWREHORVWLQWKHIRUPRIIODVK 5RVHQGRHWDO 6KHQHWDOD 6KHQHWDOE
)LJ  LL VKRZV WKH MRLQWDQG WKHFRUUHVSRQGLQJ WRROZLWK GLIIHUHQWSURFHVVHV'XULQJ WKH))6:SURFHVV WKH
FRQVXPDEOHELW RI WKHDOXPLQXPDOOR\DORQJZLWKVWHHO VKRXOGHU LVSOXQJHG LQWR WKHNH\KROH OHIWDW WKHHQGRI WKH
)6:MRLQW7KHKHDWJHQHUDWHGE\IULFWLRQDWWKHVKRXOGHUDQGWKHMRLQLQJELWVXUIDFHVRIWHQVWKHPDWHULDORINH\KROH
ZDOODQGELW 7KHVKRXOGHUSURYLGHVDIRUJLQJIRUFH ZKLFKKHOSVLQMRLQLQJRIWKLVSODVWLFL]HGVHFWLRQ)63 IROORZV
WKHUHDIWHU ZKHUH D QRQFRQVXPDEOH WRRO FRQVLVWLQJ RI D VKRXOGHU ZLWKRXW SURWUXGLQJ SLQ SURYLGHV PHFKDQLFDO
PL[LQJDQGSODVWLFGHIRUPDWLRQ +XDQJHWDO
$WSUHVHQWUHVHDUFKHIIRUWVDUHEHLQJPDGHWRJDLQDEHWWHUXQGHUVWDQGLQJRIWKHSURFHVVWRH[SORUHGLIIHUHQWWRRO
FRQILJXUDWLRQV WRRSWLPL]H WKHVHWRISURFHVVSDUDPHWHUVDQG WRZLGHQ WKH DSSOLFDELOLW\RI)66:7KHVLPXODWLRQ
UHVXOWVLQFOXGHHIIHFWRISURFHVVSDUDPHWHUVWRROURWDWLRQVSHHGSOXQJHYHORFLW\SOXQJHGHSWKDQGWRROJHRPHWU\
SLQSURILOHRQHVWLPDWLQJIRUFHVRQWRROHVVHQWLDOIRUWRROGHVLJQWHPSHUDWXUHVWUDLQDQGVWUDLQUDWHGLVWULEXWLRQLQ
ZHOG UHJLRQ 2WKHUPDLQREMHFWLYHRI WKHFXUUHQWZRUN LV WRH[SORUH&RXSOHG (XOHULDQ /DJUDQJLDQ WHFKQLTXHZLWK
VLPXODWLRQWLPHLQPLQGWRPDNHILQLWHHOHPHQWVLPXODWLRQV RI)6:DQGLWVYDULDQWV WLPHHIILFLHQW
 0RGHOGHVFULSWLRQ
)( PRGHO LV GHYHORSHG LQ WKH FRPPHUFLDO FRGH $%$486([SOLFLW XVLQJ WKH &RXSOHG (XOHULDQ/DJUDQJLDQ
)RUPXODWLRQWKH-RKQVRQ&RRNPDWHULDOODZDQG&RXORPE¶V/DZRIIULFWLRQ ,QWKLVVHFWLRQ WKHWRRODQGZRUNSLHFH





PP 0DWHULDORIWRROLV+'67KH )LJ  VKRZVWKHJHRPHWU\RIWRRO7KHZRUNSLHFHRI; PP DUHDDQG
WKLFNQHVV RI  PP LV FRQVLGHUHG LQ VLPXODWLRQ 7KH (XOHULDQ GRPDLQ LV PHVKHG ZLWK PXOWLPDWHULDO WKHUPDOO\
FRXSOHGQRGH(&'57(XOHULDQHOHPHQWVDQGWKHYRLGUHJLRQWKLFNQHVVLVWDNHQDVPP
 &RXSOHG(XOHULDQ/DJUDQJLDQ)RUPXODWLRQ
7KHFRXSOHG(XOHULDQ/DJUDQJLDQ &(/PHWKRGDWWHPSWV WRFDSWXUH WKH VWUHQJWKVRI/DJUDQJLDQDQG(XOHULDQ
PHWKRGV,QJHQHUDOD/DJUDQJLDQUHIHUHQFHIUDPHLVXVHGWRGLVFUHWL]H WKH7RROZKLOHDQ(XOHULDQIUDPHLV XVHG WR
GLVFUHWL]H WKH :RUNSLHFH %URZQHWDO '- 0XFL.FKOHUHW DO 'RFXPHQWDWLRQ 7KH
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ERXQGDU\ RI WKH /DJUDQJLDQ GRPDLQ LV W\SLFDOO\ WDNHQ WR UHSUHVHQW WKH DFWXDO LQWHUIDFH EHWZHHQ WKH WRRO DQG WKH
ZRUNSLHFH 7KH JUHDW DGYDQWDJH RI &(/ DSSURDFK LV WKDW DOO SUREOHPV DVVRFLDWHG ZLWK PHVK GLVWRUWLRQ DUH
HOLPLQDWHGDVWKH(XOHULDQGHVFULSWLRQDOORZVILQLWHHOHPHQWVWREHIL[HGLQVSDFHDQGWKHPDWHULDO WRIORZWKURXJK
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:KHUH PHOW7  
& LV WKH PHOWLQJ SRLQW RU VROLGXV WHPSHUDWXUH URRP7  
& WKH DPELHQW WHPSHUDWXUH 7 WKH
HIIHFWLYHWHPSHUDWXUH $ 03DWKH\LHOGVWUHVV% 03D WKHVWUDLQIDFWRUQ WKHVWUDLQH[SRQHQWP 




7KH IULFWLRQ FRHIILFLHQW EHWZHHQ WRRO DQG ZRUNSLHFH LV DQ LQSXW SDUDPHWHU LQ )( PRGHO DQG XVHG LQ KHDW
JHQHUDWLRQIRUPXODWLRQV$YDULHW\RI IULFWLRQFRHIILFLHQWYDOXHVKDYHEHHQIRXQGLQ OLWHUDWXUHZLWKWKHPDMRULW\RI
WKHP EHLQJ D FRQVWDQW YDOXH 7XWXQFKLODU HW DO  XVHG IULFWLRQ FRHIILFLHQW RI   DQG  XQGHU 
PPPLQWUDQVYHUVHVSHHGDQGUSPURWDWLRQDOVSHHG %XIIDHWDODOVRXVHGDFRQVWDQW IULFWLRQIDFWRU RI
EHWZHHQZRUNSLHFHDQG WRRO ,WZDV IRXQG WKDWXVLQJK\EULGPRGHODQG IULFWLRQFRHIILFLHQW RI JDYHEHVW
UHVXOWV LQYLHZRIWHPSHUDWXUHV+\EULGIULFWLRQPRGHOXVHVWRJHWKHUERWK&RXORPEDQGVKHDUIULFWLRQPRGHOV7KHVH





,QLWLDO PRGHO LV GHYHORSHG UHIHUULQJ WR H[SHULPHQWV RI SOXQJH DQG GZHOO SKDVH IRU DOXPLQLXP  DOOR\
&RPSDULVRQLVPDGHZLWKVLPXODWHGUHVXOWVIRU LVLPXODWLRQWLPHLL WHPSHUDWXUHUHVSRQVHLLL VKDSHDQG VL]HRI
ZHOG]RQHVLYFDSDELOLW\ RISUHGLFWLQJGHIHFWVDQGY VHOHFWLRQRIDSSURSULDWHWRROV)RUH[SHULPHQWDOUHVXOWVZHOG
]RQHV DUH FURVV FKHFNHG IURPPDFURJUDSKV DQG WHPSHUDWXUHV DUH WUDFHGZLWK WKH KHOS RI WKHUPRFRXSOHV )XUWKHU
YDOLGDWLRQRIPRGHOZDVFDUULHGRXWXVLQJWHPSHUDWXUHUHVXOWVDQGPDFURJUDSKVSXEOLVKHGE\ 0HU]RXJHWDO
DQG +LUDVDZDHWDO+HUHWKHUHVXOWVDUHFDWHJRUL]HGDQGGLVFXVVHGXQGHUVXEVHFWLRQV IRU PDWHULDOV$$
DQG$$
 &RPSDULVRQRIVLPXODWLRQWLPH
7KH FRPSDULVRQRI VLPXODWLRQ WLPH LV GRQHEDVLFDOO\ XVLQJ WKHGDWD DYDLODEOH LQ WKH OLWHUDWXUH  ,Q WKHSDVW)(
0RGHOLQJ RI )6: LV SHUIRUPHG XVLQJ HLWKHU (XOHULDQ /DJUDQJLDQ RU $UELWUDU\ /DJUDQJLDQ (XOHULDQ $/(
IRUPXODWLRQV 7KH WLPH WDNHQ IRU VLPXODWLRQ DV VWDWHG E\ /DVOH\  LV  GD\V WR UXQ  VHFRQGV XVLQJ
VXSHUFRPSXWLQJIDFLOLW\ DQGDVVWDWHGIURP $ZDQJ LW LVGD\VDQGKRXUVRQD *+],QWHO3HQWLXP
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SURFHVVRUIRU WKHVLPXODWLRQWLPHRIVHFRQGV:LWKIXUWKHUDGYDQFHPHQWV LQ)( SDFNDJHV WKHUHZDVDVDOLWWOH
UHGXFWLRQLQFRPSXWDWLRQDOWLPH$VVWDWHGIURP $VVLGLHWDO  LW LVGD\V KRXUV ZLWK$/(IRUPXODWLRQ
DQG  GD\V  KRXUV ZLWK (XOHULDQ IRUPXODWLRQ %XW LQ SUHVHQW ZRUN ZLWK WKH XVH RI &(/ WKH WLPH WDNHQ IRU
VLPXODWLRQLVJUHDWO\UHGXFHG DQGDOVRWKHKLJKGLVWRUWLRQDQGFRQYHUJHQFHSUREOHPV DVVRFLDWHG ZLWK /DJUDQJLDQDQG
$/( IRUPXODWLRQV DUHRYHUFRPH 7KH 7DEOH VKRZVWKHWLPHWDNHQZLWKUHVSHFWWRGLIIHUHQWVLPXODWLRQFRQGLWLRQV
7DEOH  6LPXODWLRQFRQGLWLRQVDQGWLPHWDNHQ XQGHU&(/IRUPXODWLRQ
6LPXODWLRQFRQGLWLRQV 7LPHWDNHQ :LWKGHIDXOWSURFHVVRUVHWWLQJV
0DWHULDODOOR\3OXQJHYHORFLW\ PPPLQ 'ZHOOWLPH VHF
3OXQJHGLVWDQFH PP 7RWDO ILHOGRXWSXWLQWHUYDOV
 KRXUV ZLWKFRUHGXRSURFHVVRU
 KRXUVZLWKLSURFHVVRU




0DWHULDODOOR\ 3OXQJHYHORFLW\ PPPLQ 3OXQJHGLVWDQFH PP





3OXQJH WULDOV IRU WHPSHUDWXUH PHDVXUHPHQWV ZHUH FDUULHG RQ $$7  PP WKLFN SODWH ZLWK SOXQJH
YHORFLW\RI PPPLQ WLOWDQGPPSOXQJHGHSWK7KUHHWULDOVZHUHFDUULHGIRUWRROURWDWLRQDOVSHHGVRI
USP  USP DQG  USP HDFK 7KH SOXQJH DQG GZHOO SKDVH ZDV DSSUR[LPDWHO\ RI  DQG  VHFRQGV
UHVSHFWLYHO\ 7RPHDVXUHWKHWHPSHUDWXUHFKDQJHGXULQJH[SHULPHQWVWKHUPRFRXSOHVZHUH HPSOR\HG7KHPRXQWLQJ
RI WKHUPRFRXSOHVDQG WKHUHJLRQ LQ ZKLFK WKHQRGHVDUHVHOHFWHG LQVLPXODWLRQV FRUUHVSRQG WR VLPLODU ORFDWLRQVRI




EHREWDLQHGDQGRQFHLWLVDFKLHYHGLWUHPDLQV WKHVDPH LQGZHOOSKDVHWRR 7KH 7DEOH  VKRZVWKH FORVHXSYLHZRI
WHPSHUDWXUHSURILOHDIWHUSOXQJHDQGGZHOOSKDVH RQWKHWRSVKHHW /HIWFROXPQVKRZVWKHLPDJHVIURPH[SHULPHQWV
DQGULJKWFROXPQH[KLELWVVLPXODWLRQLPDJHVZLWKSUHGLFWHGWHPSHUDWXUH
)LJ  /RFDWLRQ RIWKHUPRFRXSOHV LQ H[SHULPHQWDQGVLPXODWLRQ
)LJ  &RPSDULVRQRIVLPXODWHGPLFURVWUXFWXUDO]RQHVZLWK H[SHULPHQWDOUHVXOWVIRU)66:
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)LJ 7HPSHUDWXUH SURILOH IURP SOXQJHH[SHULPHQWVPHDVXUHG DW GLIIHUHQW WRROURWDWLRQDO VSHHGV IRU $$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7KHVLPXODWHGUHVXOWFORVHO\UHVHPEOHVPDFURJUDSKDV REVHUYHGLQH[SHULPHQWDOWULDOVKRZQLQ )LJ  +LUDVDZD
HWDO 7KLVKHOSVLQSUHGLFWLQJWKHVKDSHDQGVL]HRIZHOGQXJJHWDSULRU\WRH[SHULPHQWVIRUJLYHQSURFHVV
FRQGLWLRQV 7KXV WKLV PRGHOOLQJ WHFKQLTXH VKHGVVRPHOLJKWRQ WKHFRPSOH[PDWHULDO IORZDQG PL[LQJSKHQRPHQD









RI  PP LH  PP SOXQJH GHSWK 7KLV ZDV GRQH WR WHVW WKH FDSDELOLW\ RI &(/ WR SUHGLFW GHIHFW IRUPDWLRQ
UHVXOWLQJ IURP LPSURSHU IORZRIPDWHULDO7KH )LJ VKRZV WKH LQFRPSOHWHPRYHPHQWRIPDWHULDO DURXQG WKH WRRO
UHVXOWLQJ LQ SRVVLEOH GHIHFW IRUPDWLRQ ,W DOVR JLYHV LQIRUPDWLRQ RQ YDULRXVPLFUR VWUXFWXUDO UHJLRQV OLNH QXJJHW




,QYHVWLJDWLRQV ZHUH FDUULHG IRU FKDQJLQJ WRRO FRQILJXUDWLRQV WR VWXG\ LWV HIIHFW RQ WHPSHUDWXUH JHQHUDWHG DQG
HYROXWLRQRIZHOGQXJJHWGXULQJWKHSURFHVV7KHWULDOVOLVWHGLQWKH 7DEOH  ZHUHFDUULHGRQ$$SODWHVRI
PPHDFKZLWKDWRROURWDWLRQVSHHGRIUSPSOXQJHYHORFLW\RI PPPLQDQGSOXQJHGHSWKRIPP ZLWK
SLQOHQJWKRIPP,WLVREVHUYHGWKDWDVWKHVZHSWGLDPHWHULQFUHDVHVWKHWHPSHUDWXUHDQGQXJJHWDUHDLQFUHDVHV
IRUVDPHURWDWLRQDOVSHHGSOXQJHYHORFLW\DQGSOXQJHGHSWK$VVKRZQLQWKH 7DEOH  VTXDUHWRRODLGVLQLQFUHDVLQJ
WKHWHPSHUDWXUHDQGZHOGQXJJHWVL]HFRPSDUHGWRLWVFRXQWHU SDUWV7KH ZRUNLQJWHPSHUDWXUHVLQ)6:DUHDURXQG
 PHOW7 4LDQ HW DO  +RZHYHU IRU WKH FXUUHQW FDVH WKH VHOHFWHG SURFHVV SDUDPHWHUV UHVXOWV LQ KLJKHU
WHPSHUDWXUHVIRUDVTXDUHDQGUHFWDQJXODUWRROFRQILJXUDWLRQ7KLVKHOSVLQZLVHO\FKRRVLQJWKHWRROZKHUHLQZHJHW
WKH UHTXLUHGWHPSHUDWXUHDQGZHOGQXJJHWVL]HIRUWKHOHDVWSRZHUFRQVXPSWLRQ















L &(/PHWKRG KHOSV LQ UHGXFLQJ VLPXODWLRQ WLPH WR D ODUJHU H[WHQW WKHUH E\PDNLQJ)( VLPXODWLRQV RI
)6:DQGLWVYDULDQWVWLPHHIILFLHQW
LL 7KH SURSRVHG PHWKRG KHOSV LQ ZLVH VHOHFWLRQ RI WRROV ZKHUHLQ ZH JHW WKH GHVLUHG ZHOG QXJJHW
PRUSKRORJ\DQGZRUNLQJWHPSHUDWXUHZLWKPLQLPXPSRVVLEOHSRZHUFRQVXPSWLRQ
LLL &(/PHWKRG H[KLELWV WKHSRWHQWLDO RI GHIHFW SUHGLFWLRQ IRU JLYHQ SURFHVV FRQGLWLRQVZKLFK XOWLPDWHO\
KHOS LQVHOHFWLQJWKHDSSURSULDWHSURFHVVSDUDPHWHUV
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